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(54) Endface gap sealing of steam turbine packing seal segments and retrofitting thereof

(57) Spline seals (58) are disposed in circumferen-
tially registering slots (54, 62) of adjacent arcuate seal-
ing segments (26) disposed in grooves of the casing of
a steam turbine about a rotor. The spline seals extend
in the gap (50) between the endfaces (56) of the seg-
ments and minimize or preclude steam leakage past the

endfaces. The spline seals may be oriented axially or
inclined radially to minimize leakage paths in the radial
inclined and axial directions, respectively. The spline
seals are disposed in the slots (54, 62) which may be
formed as part of original equipment manufacture or
may be machined in segments with the spline seals pro-
vided as retrofits.
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Description

[0001] The present invention relates generally to
seals between circumferentially registering endfaces of
packing seal segments in a steam turbine and particu-
larly relates to spline seals between endfaces of packing
seal segments circumferentially disposed end-to-end in
a stationary packing casing of the steam turbine and
methods of retrofitting the spline seals.
[0002] In a steam turbine, there are circumferentially
extending packing seal segments disposed in the pack-
ing or stationary casing at opposite ends of the turbine
and in sealing relation with the rotor. In certain steam
turbines, the packing seal segments are provided inter-
mediate pressure opposite ends of the rotor between
high and intermediate turbine sections. These packing
seal segments minimize or preclude steam leakage
from the rotor ends or through leakage paths between
the high and intermediate pressure sections of the
steam turbine within the stationary casing. It will be ap-
preciated that the sealing segments extend circumfer-
entially and have endfaces in circumferential registra-
tion with one another. The endfaces of the sealing seg-
ments are not sealed to one another and the resulting
steam leakage flows detrimentally impact overall ma-
chine performance. Further, it is not possible to maintain
zero clearance between the segment endfaces for a
number of reasons, including manufacturing tolerances
which dictate a gap to accommodate the tolerance
range. Additionally, machine thermal transients may
cause the segments to bind in assembly, even if de-
signed line to line. Further, most seal segments are mov-
able radially inwardly and outwardly. This requires a gap
between the segment endfaces, at least in radially out-
ermost positions of the segments. Further, if the casing
surrounding the rotor goes out of round, the gaps may
become large in one location versus another location.
Still further, if the casing grows thermally more than the
packing segments, then the end gaps may increase in
dimension relative to the cold condition of the turbine.
Steam leakage flows between endfaces of packing seal
segments have therefore become a significant problem,
and, accordingly, there is a need for minimizing leakage
paths for steam past the endfaces of circumferential
packing seal segments in a steam turbine.
[0003] In accordance with a preferred embodiment of
the present invention, there are provided circumferen-
tially extending packing ring segments disposed in a
packing casing surrounding the rotor. The segments
have spline seals between the circumferentially regis-
tering endfaces for minimizing leakage flow past the
endfaces. The registering endfaces of adjacent seg-
ments are provided with grooves for receiving portions
of the spline seal. The spline seal may comprise a flat
sheet metal plate extending between circumferentially
registering grooves arranged either in a generally axial
direction to preclude radial leakage flow or at an angle
to or normal to the turbine axis to preclude axial leakage

flow. The spline seals per se may be wrapped with me-
tallic cloth. The spline seals may also have enlarge-
ments at opposite ends for seating in the bases of the
registering grooves. Thus, the central portion of the
spline seal bridging the gap between the segments is
spaced from the sides of the grooves, and enables rel-
ative movement of the segments in a direction normal
to the spline seal without binding or severing of the
spline seal.
[0004] The sealing ring segments are employed at op-
posite ends of the steam turbine at axially spaced loca-
tions from the turbine section. Thus, the spline seals be-
tween endfaces of the sealing segments preclude axial
leakage flow outwardly of the turbine section. The spline
seals may also be utilized with seal segments disposed
between high and intermediate pressure turbine sec-
tions to minimize leakage from the high pressure section
to the intermediate pressure section.
[0005] A particular advantage of the present invention
resides in the ability to retrofit the spline seals to existing
steam turbines as a means of improving overall machine
performance. To accomplish this, and during a normal
outage for maintenance, the upper outer casing of the
turbine is removed and the existing seal segments are
rolled from the turbine casing. Slots are machined in the
endfaces to receive the spline seals. The segments are
then rolled back into the upper and lower outer casings
with the spline seals inserted between opposing endfac-
es, thereby reducing steam leakage paths in existing
steam turbines after the retrofit.
[0006] In a preferred embodiment according to the
present invention, there is provided a steam turbine
comprising a rotor having a steam turbine section, a sta-
tionary casing surrounding the rotor including the steam
turbine section, the casing carrying a plurality of circum-
ferentially extending packing seal segments about the
casing at a seal location axially spaced from the turbine
section for sealing between the casing and the rotor,
each of the segments having endfaces respectively in
circumferential registry with opposed endfaces of cir-
cumferentially adjacent segments, the endfaces includ-
ing slots opening circumferentially and in general cir-
cumferential registration with one another and a spline
seal extending between each of the opposed endfaces
of circumferentially adjacent segments and in the slots
for minimizing or precluding steam leakage past the reg-
istering endfaces.
[0007] In a further preferred embodiment according to
the present invention, there is provided a steam turbine
comprising a rotor having a steam turbine section, a sta-
tionary casing surrounding the rotor including the steam
turbine section, the casing having a circumferentially ex-
tending dovetail-shaped groove carrying a plurality of
circumferentially extending packing seal segments
about the casing in the groove, the segments carrying
labyrinth seal teeth for sealing about the rotor, each of
the segments having endfaces respectively in circum-
ferential registry with opposed endfaces of circumferen-
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tially adjacent segments, the endfaces including slots
opening circumferentially and generally in circumferen-
tial registration with one another and a spline seal ex-
tending between each of the opposed endfaces of cir-
cumferentially adjacent segments and in the slots for
minimizing or precluding steam leakage past the regis-
tering endfaces.
[0008] In a further preferred embodiment according to
the present invention, there is provided in a turbine hav-
ing a rotor, a stationary casing surrounding the rotor and
a plurality of circumferentially extending packing ring
segments in circumferentially extending grooves about
the casing for sealing between the casing and the rotor,
a method of retrofitting the packing ring segments to pro-
vide seals between the opposed endfaces of adjacent
packing ring segments comprising the steps of remov-
ing the packing ring segments from the turbine, forming
at least one slot in each endface of the removed packing
ring segments, disposing a spline seal in slots of op-
posed endfaces of the packing ring segments and in-
serting the packing ring segments into the grooves of
the casing whereby the spline seals extend between ad-
jacent segments for minimizing or precluding steam
leakage flows between the adjacent segments.
[0009] Embodiments of the invention will now be de-
scribed, by way of example, with reference to the ac-
companying drawings, in which:

FIGURE 1 is a schematic illustration of a steam tur-
bine having high and intermediate pressure turbine
sections;

FIGURE 2 is a fragmentary enlarged partial cross-
sectional view through the rotor and casing illustrat-
ing spline seals in the endfaces of packing ring seg-
ments according to the present invention;

FIGURE 3 is a fragmentary schematic axial illustra-
tion of circumferentially registering endfaces of a
sealing segment at different radial positions illus-
trating the different gaps between the endfaces;

FIGURE 4 is an enlarged cross-sectional view tak-
en generally about on line 4-4 in Figure 2;

FIGURE 5 is a plan view of a spline seal;

FIGURE 6 is a fragmentary cross-sectional view of
a different form of spline seal;

FIGURE 7 is a schematic illustration of a still further
form of spline seal; and

FIGURE 8 is an enlarged cross-sectional view of a
spline seal illustrating a metallic cloth covering
therefor.

[0010] Referring now to the drawings, particularly to

Figure 1, there is illustrated a steam turbine, generally
designated 10, and in this example comprised of a high
pressure turbine section 12 and an intermediate pres-
sure turbine section 14 mounted on a single integral ro-
tor 16 extending beyond opposite ends of the steam tur-
bine casing 18. It will be appreciated that the rotor 16 is
driven in rotation by the high and intermediate pressure
turbine sections 12 and 14, while the casing 18 remains
stationary. Circumferentially extending packing seal
segments are located in the stationary casing 18 at op-
posite ends 20 and 22 of casing 18, i.e., at locations 23
spaced axially from the turbine sections 12 and 14. In
the illustrated turbine having high and intermediate tur-
bine pressure sections, additional circumferentially ex-
tending packing ring segments are disposed about the
shaft 16 intermediate the high and intermediate pres-
sure sections 12 and 14, respectively, of the turbine at
24. It will be appreciated that the spline seals on end-
faces of packing ring segments may be used on other
types of steam turbines and at locations other than as
set forth in the disclosed embodiments of a steam tur-
bine.
[0011] Referring now to Figure 2, packing ring seg-
ments 26 are disposed between a stationary casing 28,
e.g., corresponding to the steam turbine casing 18, and
the rotor 16. Additional packing rings 30 are disposed
between two stationary components 28 and 32 of the
turbine casing and a description of one segment 26 will
suffice as a description for all.
[0012] Each arcuate packing ring segment 26 is dis-
posed in an arcuate dovetail-shaped groove 34 of the
casing 28, the groove 34 having opposed axially direct-
ed hooks 36. Each circumferential sealing segment in-
cludes a neck portion 38 disposed between hooks 36,
oppositely directed hooks 40 for engaging the hooks 36
of the stationary casing and an arcuate flange 42 ex-
tending from neck portion 38 in opposite axial directions.
Flange 42 mounts a plurality of labyrinth teeth 44 for
sealing along the outside surface of the rotor 16. In the
illustrated example of Figure 2, the high pressure side
of the packing ring segment 26 is to the left of the seg-
ment 26 whereby the axial facing and arcuate radial sur-
face 46 of segment 26 butts axially against the opposing
axial face of hook 36, forming a seal. As illustrated, the
packing ring segments 26 are movable in a radial direc-
tion, as is well known, and collectively form an annular
seal ring about the rotor.
[0013] It will be appreciated that any number of pack-
ing seal segments can be disposed circumferentially
about the dovetail-shaped grooves 34. For example,
three or more segments may be disposed in the upper
half of the casing 28 and a like number disposed in the
lower half of casing 28. It will be appreciated that in such
arrangement six endface gaps 50 (Figure 3) appear be-
tween the circumferentially adjacent segments 26. In
Figure 3, a pair of adjacent seal segments 26 are illus-
trated as viewed axially along the turbine centerline, with
their radial movement indicated by the full and dashed
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lines, respectively. Thus, the gap 50 between adjacent
sealing segments varies dependent upon the radial lo-
cation of the sealing.
[0014] In accordance with a preferred embodiment of
the present invention, spline seals are disposed be-
tween the circumferentially registering endfaces of ad-
jacent seal segments 26. For example, and referring to
Figure 4, grooves or slots 54 are disposed in each of the
endfaces 56 of adjacent circumferentially extending
segments 26. The slots 54 register circumferentially with
one another and receive a spline seal 58 spanning the
gap 50 between the endfaces 56. The spline seal may
comprise a flat metal plate, as illustrated in Figure 5,
which is of generally rectilinear shape. The thickness of
the plate is less than the depth of the slots 54 to accom-
modate relative radial movement of the segment, e.g.,
accommodating highs and lows on the rotor. It will be
appreciated from a review of Figures 2 and 4 that the
spline seal 58 extends along the majority of the length
of the flange 42 in an axial direction and between oppo-
site endfaces of adjacent seal segments 26. As a con-
sequence of this arrangement, any steam leakage path
in a radial direction between the endfaces of adjacent
segments is minimized or precluded.
[0015] In addition, another or second spline seal 60
may be disposed between the endfaces of adjacent seg-
ments 26. The spline seal 60 (Figures 2 and 4) is dis-
posed in circumferential registering, generally radially
outwardly extending grooves or slots 62 formed in the
endfaces 56, preferably adjacent the downstream end
of the segment 26. Thus, the spline seal 60 extends gen-
erally radially and minimizes or precludes leakage flow
in an axial direction through the gap 50 between circum-
ferentially adjacent segments 26.
[0016] It will be appreciated that the endface gap
seals for the sealing segments in accordance with this
invention may be provided as part of original equipment
manufacture or retrofitted into existing machinery. For
example, to retrofit the spline seal, an existing steam
turbine is torn down, i.e., the upper outer and inner cas-
ings are removed and the sealing segments are re-
moved, i.e., by rolling them circumferentially from the
grooves 34 of the inner casings. Grooves, e.g., grooves
54 and 62, are then formed in the endfaces of the sealing
segments to receive the spline seals. With the grooves
formed, the segments can be rolled back into the dove-
tail grooves 34 of the inner casings with the spline seals,
e.g., seals 58 and 60, inserted in the grooves between
adjacent endfaces. Alternatively, of course, new pack-
ing ring segments with the grooves already formed may
be used in lieu of forming grooves in the removed pack-
ing ring seal segments.
[0017] Referring now to Figure 6, another form of
spline seal 70 is illustrated in a slot or groove, for exam-
ple, slot 54, in the circumferentially opposed endfaces
56 of segments 26. The spline seal 70 may have a seal
body 71 with enlargements 73 along opposite edges of
the seal for disposition adjacent the bases of the

grooves. Thus, the central portion 72 of seal body 71
has a reduced depth dimension in comparison with the
width of the slot 54 and the enlarged ends, facilitating
relative movement of the segments 26 in a radial direc-
tion without damaging the spline seal 70. Spline seal 70
may be of the type disclosed in commonly-owned U.S.
Patent No. 5,624,227.
[0018] Referring to Figure 7, another form of spline
seal is illustrated. The spline seal 80 of Figure 7 may be
formed of a sheet metal material having a seal body 81
with opposite ends reversely curved or bent at 82 to form
enlargements 83 along opposite sides of the spline seal
80. Edges 85 of the reversely curved portions face the
central portion of the seal body 81. The enlargements
83, like the enlargements 71 of spline seals 70 of Figure
5, are disposed adjacent the bases of the slots 54 and
facilitate relative movement in a radial direction of the
seal segments 26. This type of spline seal is also dis-
closed in the above patent.
[0019] In Figure 8, there is illustrated a spline seal 90
having a central core 92 formed of metal and having an
overlay of cloth 94. The cloth layer may comprise a met-
al, ceramic and/or polymer fibers which have been wo-
ven to form a layer of fabric. The overlying cloth may be
of the type disclosed in commonly-owned U.S. Patent
No. 5,934,687.
[0020] It will be appreciated from the foregoing that
spline seals are provided in the gaps between the cir-
cumferentially registering endfaces of arcuate sealing
segments and are disposed in grooves of a steam tur-
bine casing surrounding a rotor. Additionally, the spline
seal segments may be used in packing ring segments
disposed between two static casings as illustrated in
Figure 2. As illustrated in Figure 2, for example, spline
seals 96 and 98 extend generally axially and at an in-
cline, respectively, to the axis of the turbine. The spline
seal 96 minimizes or precludes steam leakage in a radial
direction while the spline seal 98 minimizes or precludes
steam leakage in radial and axial directions. Spline
seals 96 and 98 may take the form of any one of the
various forms of spline seals illustrated herein. In all cas-
es, any steam leakage paths are minimized, improving
machine performance.
[0021] For completeness, various aspects of the in-
vention are set out in the following numbered clauses:

1. A steam turbine (10) comprising:

a rotor (16) having a steam turbine section (12,
14);
a stationary casing (18, 28) surrounding the ro-
tor including the steam turbine section;
said casing carrying a plurality of circumferen-
tially extending packing seal segments (26)
about said casing at a seal location (23) axially
spaced from said turbine section for sealing be-
tween the casing and the rotor;
each of said segments having endfaces (56) re-
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spectively in circumferential registry with op-
posed endfaces of circumferentially adjacent
segments, said endfaces including slots (54,
62) opening circumferentially and in general cir-
cumferential registration with one another; and
a spline seal (58, 60, 70, 80, 90) extending be-
tween each of said opposed endfaces of cir-
cumferentially adjacent segments and in said
slots for minimizing or precluding steam leak-
age past said registering endfaces.

2. A turbine according to Clause 1 wherein each
said spline seal (58) extends generally in axial and
tangential directions for sealing against leakage
flows in generally radial directions.

3. A turbine according to Clause 1 wherein said
spline seal (60) extends generally in radial and cir-
cumferential directions for sealing against leakage
flows in a generally axial direction.

4. A turbine according to Clause 1 wherein each
said sealing segment has a plurality of axially
spaced labyrinth seal teeth for sealing with the rotor.

5. A turbine according to Clause 1 wherein the
spline seals (58) extend generally in axial and tan-
gential directions for sealing against leakage flows
in generally radial directions and second spline
seals extend between opposed endfaces of circum-
ferentially adjacent segments, said second spline
seals extending generally in radial and circumfer-
ential directions for sealing against leakage flows in
a generally axial direction.

6. A turbine according to Clause 1 wherein said cas-
ing has a circumferentially extending groove (34)
having an axially extending hook (36), each said
segment having a hook (40) for radially overlying
the casing hook, said casing hook (36) and said
segments having axially facing seal surfaces on a
downstream side of said segment, said spline seals
extending generally in axial and tangential direc-
tions for sealing against leakage flows in generally
radial directions.

7. A turbine according to Clause 6 wherein said
spline seals extend generally in radial and circum-
ferential directions for sealing against leakage flows
in a generally axial direction, said spline seals being
disposed adjacent sides of said segments thereof
adjacent said axially facing seal surfaces of said
segments.

8. A turbine according to Clause 1 wherein each
said spline seal (90) includes a cloth (94) surround-
ing said spline seal (92) along opposite sides there-
of and about at least a pair of opposite edges there-

of.

9. A turbine according to Clause 1 wherein each
said spline seal (70, 80) comprises a seal body (71,
82) having an enlargement (73, 83) along opposite
edges and received in said slots with the enlarge-
ments adjacent bases of said slots, respectively.

10. A turbine according to Clause 9 wherein said
seal body (81) is formed of sheet metal, said en-
largements (83) comprising integral bent margins
of said sheet metal spline seal having edges (85)
facing central portions of said sheet metal spline.

11. A steam turbine comprising:

a rotor (16) having a steam turbine section (12,
14);
a stationary casing (18, 28) surrounding the ro-
tor including the steam turbine section;
said casing having a circumferentially extend-
ing dovetail-shaped groove (34) carrying a plu-
rality of circumferentially extending packing
seal segments (26) about said casing in said
groove, said segments carrying labyrinth seal
teeth (44) for sealing about said rotor;
each of said segments having endfaces (56) re-
spectively in circumferential registry with op-
posed endfaces of circumferentially adjacent
segments, said endfaces including slots (52,
62) opening circumferentially and generally in
circumferential registration with one another;
and
a spline seal (58, 60, 70, 80, 90) extending be-
tween each of said opposed endfaces of cir-
cumferentially adjacent segments and in said
slots for minimizing or precluding steam leak-
age past said registering endfaces.

12. A turbine according to Clause 11 wherein each
said spline seal (58) extends generally in axial and
tangential directions for sealing against leakage
flows in generally radial directions.

13. A turbine according to Clause 11 wherein each
said spline seal (60) extends generally in radial and
circumferential directions for sealing against leak-
age flows in a generally axial direction.

14. A turbine according to Clause 11 wherein each
spline seal (58) extends generally in axial and tan-
gential directions for sealing against leakage flows
in generally radial directions and a second spline
seal (60) extending between each of said opposed
endfaces of circumferentially adjacent segments,
said second spline seal extending generally in radi-
al and circumferential directions for sealing against
leakage flows in a generally axial direction.
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15. A turbine according to Clause 11 wherein said
casing has a circumferentially extending groove
having an axially extending hook (36), each said
segment having a hook (40) for radially overlying
the segment hook, said casing hook and said seg-
ments having axially facing seal surfaces on down-
stream sides of said segments, said spline seals
(58) extending generally in axial and tangential di-
rections for sealing against leakage flows in gener-
ally radial directions.

16. A turbine according to Clause 11 wherein said
casing has a circumferentially extending groove
having an axially extending hook (36), each said
segment having a hook (40) for radially overlying
the segment hook, said casing hook and said seg-
ments having axially facing seal surfaces on down-
stream sides of said segments, said spline seals
(60) extending generally in radial and circumferen-
tial directions for sealing against leakage flows in a
generally axial direction, said spline seals being dis-
posed adjacent a side of said segment thereof ad-
jacent said axially facing seal surface of said seg-
ments.

17. A turbine according to Clause 11 wherein said
spline seals (90) include a cloth (94) surrounding
each said spline seal along opposite sides thereof
and about at least a pair of opposite edges thereof.

18. A turbine according to Clause 11 wherein each
said spline seal (70, 80) comprises a seal body (71,
81) having an enlargement (73, 83) along opposite
edges and received in said slots with the enlarge-
ments adjacent bases of said slots, respectively.

19. A turbine according to Clause 18 wherein said
seal body (81) is formed of sheet metal, said en-
largements (83) comprising integral bent margins
of said sheet metal spline seal having edges (85)
facing central portions of said sheet metal spline.

20. In a turbine having a rotor (16), a stationary cas-
ing (18, 28) surrounding the rotor and a plurality of
circumferentially extending packing ring segments
(26) in circumferentially extending grooves (34)
about said casing for sealing between the casing
and the rotor, a method of retrofitting the packing
ring segments to provide seals between the op-
posed endfaces of adjacent packing ring segments
comprising the steps of:

removing the packing ring segments from the
turbine;
forming at least one slot (54, 62) in each end-
face of the removed packing ring segments;
disposing a spline seal (58, 60) in slots of op-
posed endfaces of the packing ring segments;

and
inserting the packing ring segments into the
grooves of the casing whereby the spline seals
extend between adjacent segments for mini-
mizing or precluding steam leakage flows be-
tween said adjacent segments.

21. A method according to Clause 20 including
forming two slots in each endface of the removed
packing ring segments, and disposing a spline seal
in each slot of the opposite endfaces whereby the
two spline seals extend between the adjacent seg-
ments in assembly of the segments in the turbine.

22. A method according to Clause 21 including
forming one of said two slots in the endfaces in a
generally axial direction, forming another of said
two slots in the endfaces in a generally radial direc-
tion, disposing spline seals in said slots to minimize
or preclude leakage flows in generally radial and ax-
ial directions, respectively.

Claims

1. A steam turbine (10) comprising:

a rotor (16) having a steam turbine section (12,
14);
a stationary casing (18, 28) surrounding the ro-
tor including the steam turbine section;
said casing carrying a plurality of circumferen-
tially extending packing seal segments (26)
about said casing at a seal location (23) axially
spaced from said turbine section for sealing be-
tween the casing and the rotor;
each of said segments having endfaces (56) re-
spectively in circumferential registry with op-
posed endfaces of circumferentially adjacent
segments, said endfaces including slots (54,
62) opening circumferentially and in general cir-
cumferential registration with one another; and
a spline seal (58, 60, 70, 80, 90) extending be-
tween each of said opposed endfaces of cir-
cumferentially adjacent segments and in said
slots for minimizing or precluding steam leak-
age past said registering endfaces.

2. A turbine according to Claim 1 wherein each said
spline seal (58) extends generally in axial and tan-
gential directions for sealing against leakage flows
in generally radial directions.

3. A turbine according to Claim 1 wherein said spline
seal (60) extends generally in radial and circumfer-
ential directions for sealing against leakage flows in
a generally axial direction.
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4. A turbine according to Claim 1 wherein each said
sealing segment has a plurality of axially spaced
labyrinth seal teeth for sealing with the rotor.

5. A turbine according to Claim 1 wherein the spline
seals (58) extend generally in axial and tangential
directions for sealing against leakage flows in gen-
erally radial directions and second spline seals ex-
tend between opposed endfaces of circumferential-
ly adjacent segments, said second spline seals ex-
tending generally in radial and circumferential direc-
tions for sealing against leakage flows in a generally
axial direction.

6. A steam turbine comprising:

a rotor (16) having a steam turbine section (12,
14);
a stationary casing (18, 28) surrounding the ro-
tor including the steam turbine section;
said casing having a circumferentially extend-
ing dovetail-shaped groove (34) carrying a plu-
rality of circumferentially extending packing
seal segments (26) about said casing in said
groove, said segments carrying labyrinth seal
teeth (44) for sealing about said rotor;
each of said segments having endfaces (56) re-
spectively in circumferential registry with op-
posed endfaces of circumferentially adjacent
segments, said endfaces including slots (52,
62) opening circumferentially and generally in
circumferential registration with one another;
and
a spline seal (58, 60, 70, 80, 90) extending be-
tween each of said opposed endfaces of cir-
cumferentially adjacent segments and in said
slots for minimizing or precluding steam leak-
age past said registering endfaces.

7. A turbine according to Claim 6 wherein each said
spline seal (58) extends generally in axial and tan-
gential directions for sealing against leakage flows
in generally radial directions.

8. A turbine according to Claim 6 wherein each said
spline seal (60) extends generally in radial and cir-
cumferential directions for sealing against leakage
flows in a generally axial direction.

9. In a turbine having a rotor (16), a stationary casing
(18, 28) surrounding the rotor and a plurality of cir-
cumferentially extending packing ring segments
(26) in circumferentially extending grooves (34)
about said casing for sealing between the casing
and the rotor, a method of retrofitting the packing
ring segments to provide seals between the op-
posed endfaces of adjacent packing ring segments
comprising the steps of:

removing the packing ring segments from the
turbine;
forming at least one slot (54, 62) in each end-
face of the removed packing ring segments;
disposing a spline seal (58, 60) in slots of op-
posed endfaces of the packing ring segments;
and
inserting the packing ring segments into the
grooves of the casing whereby the spline seals
extend between adjacent segments for mini-
mizing or precluding steam leakage flows be-
tween said adjacent segments.

10. A method according to Claim 9 including forming
two slots in each endface of the removed packing
ring segments, and disposing a spline seal in each
slot of the opposite endfaces whereby the two
spline seals extend between the adjacent segments
in assembly of the segments in the turbine.
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